Higher yields of sterigmatocystin were obtained with Aspergillus versicolor than with Bipolaris sorokiniana both in liquid and on solid media. The optimum temperature for sterigmatocystin production by A. versicolor was 27 to 29°C and 23°C for B. sorokiniana. In liquid shake cultures, production of sterigmatocystin by B. sorokiniana was negligible, whereas maximal production by A. versicolor was 210 mg/liter. On solid substrates, the highest yields (8 g/kg) were obtained with A. versicolor on still cultures of whole corn supplemented with Soytone.
posed as a biogenetic precursor of aflatoxin B, (4) and is known to be produced by isolates of Aspergillus versicolor (Vuillemin) Tiraboschi., Aspergillus nidulans (Eidam) Winter, and Bipolaris sorokiniana (Saccardo in Sorok.) Shoemaker, also known as Drechsler sorokiniana (Saccardo) Subramanian and Jain (3). Schroeder and Kelton (6) recently reported that a large number of isolates of Aspergillus parasiticus and Aspergillus flavus produce sterigmatocystin, and they also added Aspergillus chevalieri, Aspergillus ruber, and Aspergillus amstelodami to the list of known producers.
Quantitative data on the production of sterigmatocystin on both solid and liquid media are scanty. Holzapfel et al. (3) obtained yields of 0.75 and 1.2 g/kg with A. nidulans and B. sorokiniana, respectively, on corn meal. Hsieh and Yang (4), using A. versicolor, obtained yields of 7.75 mg/10 ml in a sucrose-asparagineammonium medium in still cultures. Halls and Ayres (2), using various buffers, obtained yields of 1.0 mg/25 ml in still culture with A. versicolor.
The present study was undertaken with the object of increasing yields both in liquid and solid media.
MATERIALS AND METHODS
Liquid cultures were incubated at 25'C on a reciprocal shaker in 250-ml unbaffled Erlenmeyer flasks at 60 strokes/min. Each flask contained 50 ml of medium. Sterilization was effected by autoclaving at 121°C for 20 min. Spore suspensions for inoculum were standardized by using 10" conidia/flask for A. versicolor and 10' conidia/flask for B. sorokiniana. Spore suspensions were obtained from 7-day-old cultures grown on potato dextrose agar. The isolates used were strains MRC 113 and MRC 93, respectively, from the collection of the Medical Research Council. Mycelial dry-mass determinations were made by filtering on Pyrex (porosity 4) glass crucibles and drying at 72'C for 24 h. Liquid media evaluated were: (1) glucose, 20.0 g; NH4NO3, 1.0 g; K,HPO4, 1.0 g; MgSO4-7H20, 0.5 g; water, 1,000 ml; (2) glucose, 20.0 g; peptone (Difco), 2.0 g; K2HPO4, 1.0 g; MgSO4 7H20, 0.5 g; water, 1,000 ml; (3) glucose, 5.0 g; lactose, 10.0 g; peptone, 2.0 g; K2HPO4, 1.0 g; MgSO4 * 7H20 0.5 g; water, 1,000 ml; (4) glucose, 5.0 g; galactose, 10.0 g; peptone, 2.0 g; K2HPO4, 1.0 g; MgSO4 7H20, 0.5 g; water, 1,000 ml; (5) glucose, 5.0 g; starch (soluble), 10.0 g; peptone, 2.0 g; K2HPO4, 1.0 g; MgSO4 * 7H20, 0.5 g; water, 1,000 ml; (6) glucose, 10.0 g; galactose, 50.0 g; peptone, 2.0 g; K2HPO4, 1o0 g; MgSO4 7H20, 0.5 g; water, 1,000 ml. Trace elements as described by Adye and Mateles (1) were used in all liquid media.
The solid media used consisted of whole yellow corn (50.0 g of kernels-70 ml of water) in 250-ml Erlenmeyer flasks autoclaved at 121'C for 1 h. Soytone (5.0 g/50.0 g of corn; Difco) was used. Quantitative and qualitative determinations of sterigmatocystin were made by thin-layer chromatography according to Stack and Rodricks (7) . In liquid media, sterigmatocystin determinations were made of both mycelium pads and culture filtrates, and the extracts were pooled. Assays of corn cultures were made after drying the material at 50'C for 36 to 48 h.
RESULTS
Liquid media. The production of sterigmatocystin by A. versicolor and B. sorokiniana was evaluated on five different liquid media over a period of 10 days. Results are shown in Table 1 . In the case ofB. sorokiniana, production could be confirmed definitely only on medium 4. The highest yield by A. versicolor (49 mg/liter) was also on medium 4.
The influence of different periods of incubation on sterigmatocystin production was determined on the highest yielding medium (medium 4) using A. versicolor. Results in Table 2 show that, after 12 days in shake culture, yields were still increasing.
In the next experiment the period of incubation was increased to 20 days, using medium 6. The experiment was conducted with eight harvests at 2-day intervals, starting on day 6 (Table 3).
Solid media. Sterigmatocystin production by A. versicolor and B. sorokiniana on solid media was evaluated at five different temperatures for (Table 4) . B. sorokiniana produced the highest yields after 4 and 8 days, after which yields decreased. With A. versicolor the highest production was obtained at 27°C after 12 days and continued to increase. The above-mentioned experiment was repeated with A. versicolor, using a closer temperature range and extending the period of incubation to 30 days ( Table 5 ). The highest yield (4.4 g/kg) was obtained after 30 days at 29°C.
In trial runs, various natural products, such as corn steep liquor, yeast extract, Soytone, etc., were added to corn in an effort to increase yields. Of these, Soytone gave the best results. Soytone was added (5.0 g/50 g of corn) before sterilization, and the production of sterigmatocystin by A. versicolor was determined after incubation at 27°C for various periods of time.
The results (Table 6) show that the addition of Soytone increased yields by 50% after 22 days and then continued to increase them. It was subsequently found that yields of 8 to 10 g/kg could regularly be obtained in 2-liter jars, using 400 g of corn, 20 g of Soytone, and 400 ml of water at 27°C. cultures. A longer period of incubation will also have to be tried for shake cultures, since yields were still increasing when our experiments were terminated. Hsieh and Yang (4) obtained maximal yields of 24.9 mg/g of mycelial dry mass, whereas the maximum obtained in our experiments was 31.4 mg ( Table 3) .
On the solid media, whole corn to which Soytone was added proved to be the best of various natural products evaluated for sterigmatocystin production. Yields of 8 g/kg were obtained in still cultures incubated at 27°C for 22 days and were still increasing when the experiment ended. An additional advantage of this method is that yields of 8 to 10 g/kg can be obtained in large vessels (2 liters), which facilitates largescale production.
